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Abstract 
The aim of this paper is to learn the 10-year Government Benchmark Bond’s behavior and effects on the other country’s benchmark 
bond. For this purpose, we examined Abnormal Return and Cumulative Abnormal Return of Australia, Canada, Euro Zone, UK, 
Japan and the U.S.’s 10-year Government Benchmark Bond monthly rate from the period of January 2000 to April 2015. This 
study analyzed 184 nominal repurchase rates in a monthly base for each country’s benchmark bond as a time series. In calculating 
Abnormal Return, US’s Government Benchmark Bond’s Rate and Euro Zone’s Government Benchmark Bond’s Rate have been 
determined as comparison parameters to the other countries. According to cumulative abnormal returns, we have detected which 
country has dramatically dropped against both the U.S.’s and Euro zone’s benchmark bond yield.  With this evidence, we have 
taken into account any co-integrating relationships among the countries’ benchmark bonds. We analyzed (Johansen & Juselius, 
1990) Co-integration Test to determine any long term relationship between them. In addition to the Co-integration test, we need to 
determine any short term effect for each series. In this study, we tested Vector Error Correction Model (VECM) to calculate the 
coefficient to hold balance between co-integration. We also tested (Granger, 1988) to determine which benchmark bond has 
causality behavior to the other government benchmark bond. 
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1. Introduction 
The Government Benchmark Bond’s yield differentials between countries may provide evidence of movements in 
changes in risk factors and its expectations. In most countries, the risk perception of a long-term bond’s interest rate 
has decreased year by year. Comparing specification yield and co-integration of a 10-year Government Benchmark 
Bond between countries makes it possible to understand whether there are any changes in the perception of risk. The 
perception of risk may appoint banking and corporate risk premiums in their bond market. Besides, an integrated 
government bond market has an importance for a monetary mechanism to the country. Accordingly, this risk is related 
to financial sector activity like hedging and pricing debt, and it supports international factors affecting spreads because 
they change the perceived default risk of government bonds in these countries. Because of co-integration between 
markets, it is highly important for changing effects of risk expectation, which is relatively different from country to 
country.   
The tendency for yield curves to be upward sloping can be further explained by liquidity preference theory. This 
theory holds that for a given issuer, such as the U.S. Treasury, long-term rates tend to be higher than short term rates. 
Investors tend to require a premium for tying up for longer periods, whereas borrowers are generally willing to pay 
premium to obtain longer-term financing. These preferences of lenders and borrowers cause the yield curve to tend to 
slope upwards. Simply stated, longer maturities tend to have higher interest rates than shorter maturities (Gitman, 
2009)    
2. Literature Review  
In the literature, there are several studies about yield differentials that investigate government bond or slope of 
yield curve that are the main determinants of risk. Especially in emerging markets, the yield of a government bond 
has been used as a proxy for global credit risk modeling in their articles as follow (Barnes & Cline, 1997); 
(Eichengreen & Mody, 2000); (Blanco, 2001). In the literature some documents are related to US monetary policies 
and increasing uncertainty of the future bond spreads.   
 
Some papers have studied CAPM based financial integration between the countries’ bond markets. In their 2004 
study, Barr and Priestly used CAPM based model to determine the degree of integration between the countries as 
follows: UK, US, Japan, Germany, and Canada. They have found strong proof that national bond market are only 
incompletely combined with world markets. In risk aspect, they found also market risk on expected excess return has 
related to local market operations. Besides, it may effected to world bond market by this local market risk.  Hardouvelis 
at. all (2007) has used a similar methodology like Barr and Priestly (2004). They have found integration between 
EMU and European Stock market. In the study, they have manifested increasing process from European Stock Market 
to a country’s market that uses the Euro as a single currency.   
 
Specifically, these authors show that expected stock returns in Europe became increasingly more determined by 
European market risk and less by local risk after the 1990s. However, this methodology has not yet been used to study 
bond markets integration in the European context (Abad, Chuliá, & Gómez-Puig, 2010). 
   
3. Methodology 
This section tries to recognize firstly each country’s historical monthly 10-year government benchmark bond 
returns. In finance literature, this bond is called a benchmark bond. Because governments can publicly issue these 
bond for 10 years in common, the coupon rate and initial bond price is fixed, but according to market behavior, 
expectations of risk, and demand for purchasing can revalue bond price in the market. In the literature some authors 
have been used to study whether integration of market return or relation to risk premium between markets in Euro 
zone.  
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Initially in this study, we calculated Cumulative and Abnormal Return to understand any excess return over the 
country’s bond rate. It can provide us any evidence that one country may lead to another one. Our hypothesis is to 
determine these relations of bond return among countries. If a country has evidence like this, we need to analyze it to 
find any cointegrated relations. Therefore we used Johansen-Juselius’ (1990) Co-integration Test to evaluate the 
relationship between the countries. After that, we need to analyze causality relations between the countries. Tests of 
these analyses are very important to explain which countries have different behaviors of government bonds. This study 
also contributes literature to understand causality of bond returns.  
 
In finance literature, personal or institutional investors can buy these bonds for their hedging activities and financial 
decisions. A benchmark bond is a bond, which has been highly traded in the market. Therefore a highly traded bond’s 
interest rate is called “benchmark bond” for all investors. It can be used in a comparable rate for short or long term 
and it can be used in calculating risk premium for financial assets. The changing volatility of these bonds in a buying 
and selling situation is needed to calculate historical return and its cumulative returns. Here, we analyzed firstly the 
Historical Monthly Return on Benchmark Bond’s Rate in Equation 1 below:  
 
ܴ௜௧ ൌ  ஼೔೟ି஼೔೟షభ஼೔೟షభ                (1)
      
 
Rit : Return of Government Benchmark for each Country at “t” period 
Cit : Monthly Interest Rate of Benchmark Government Bond at “t” period 
Cit-1: Monthly Interest Rate of Benchmark Government Bond at “t-1” period 
 
In Equation 1, we have calculated each bond’s monthly return for use in the calculation of abnormal returns and 
cumulative abnormal returns. Abnormal return can be calculated with comparable rate. In Equation 2, we assumed 
that there are two important comparable bond rates like the Euro Zone’s rate and the United States’ rate. Equation 2a 
refers to calculating each country’s bond rate to compare with the Euro Zone’s rate. In another way, it means if one 
country’s bond rate is higher than the Euro Zone’s, its signal is positive and we can understand that the comparing 
country’s rate has a bigger rate than the Euro Zone’s in that period. When we calculate it for all periods, we have a 
new time series as residuals of both positive and negative.  
   
Equation 2b refers to comparable rate for the United States’ bond rate like Equation 2a. There are two comparing 
series for each country and periods as abnormal return. If the signal is positive, that omparing country has over valued 
in the period. If it is negative, that comparing country has undervalued in the period as bond rate base.   
 
ARit=Rit-REuro,t               (2a) 
 
ARit=Rit-RUS,t                     (2b) 
 
ARit : Between Return of “i” Country Benchmark  Government Bond and Euro Zone Benchmark  Government Bond 
at “t” period  
REuro,t: Return of Euro Zone Benchmark  Government Bond at “t” period 
RUS,t : Return of US Benchmark  Government Bond at “t” period 
 
Calculated abnormal returns can be summed up as cumulative abnormal returns (CAR) like Equation 3 below: 
 
ܥܣܴ௜௧ ൌ σ ܣܴ௜௧ଵ଼ଷ௧ୀଵ           (3) 
 
In this study, each country has 183 abnormal return items over the period. Therefore we calculated step by step each 
abnormal return to add the next rate. On one hand, according to this analysis, we can re-invest previous returns to a 
bond again. Totally, the result of this CAR, we can analyze the whole period for each country’s bond and whether is 
it overvalued or not.  
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On the other hand, according to cumulative abnormal returns, we have detected which country has dramatically 
dropped against both the US’s and the Euro Zone’s benchmark bond yield.  With this evidence, we have taken into 
account any co-integrating relationship among the countries’ benchmark bonds. We analysed Johansen-Juselius 
(1990) Co-integration Test to determine long term relationship between them. Johansen-Juselius (1990) p lagged VAR 
model is represented below: 
 
௧ܻ ൌ ߤ ൅ܣଵ ௧ܻିଵ ൅ ڮ൅ܣ௣ ௣ܻିଵ ൅ ߝ௧                      (4) 
 
Therefore, in Equation 4, Yt is a vector for stationary series that they are in first differences.  
 
ο ௧ܻ ൌ ߤ ൅ ȫ ௧ܻିଵ ൅ σ Ȟ௜௣ିଵ௜ୀଵ ο ௧ܻିଵ ൅ ߝ௧             (5) 
 
Johansen-Juselius (1990) have determined both to set account of co-integration vectors and is it statistically significant 
or not.  Trace and maximum value test have also been analyzed in this paper.    
 
In addition to the Co-integration test, we need to determine short-term effect for each series. In this study, we tested 
the Vector Error Correction Model (VECM) to calculate the coefficient to hold balance between co-integration. We 
also tested Granger Causality (2004) to determine which benchmark bond has causality behavior to the other 
government benchmark bonds. 
 
4. Findings and Results 
In this section, we have represented all bonds that we used in this analysis as a country name. Australia, Canada, 
the Euro Zone, the UK, Japan and the US’s 10-year Government Benchmark Bond monthly rates that have been 
examined in this study from the period between January 2000 to April 2015. I have analyzed 184 nominal repurchase 
rates on a monthly basis for each country’s benchmark bond as a time series. 
 
Table 1. Descriptive Statistics of Series 
 
 AUSTRALIA CANADA EURO JAPAN UK US 
Mean  5.116275  3.819757  3.807797  1.236140  3.938001  3.772647 
Median  5.442300  3.980050  3.897825  1.311200  4.358600  3.875350 
Maximum  7.200800  6.454900  5.734350  2.011300  5.659100  6.711000 
Minimum  2.372700  1.361300  0.594870  0.265000  1.473000  1.499000 
Std. Dev.  1.016963  1.279284  1.005739  0.403765  1.137876  1.210433 
Skewness -0.838491 -0.079655 -0.733591 -0.343129 -0.676574 -0.000746 
Kurtosis  2.905247  2.026638  3.958583  2.305985  2.191721  2.305945 
Jarque-Bera  21.62957  7.458238  23.54818  7.303322  19.04647  3.693144 
Probability  0.000020  0.024014  0.000008  0.025948  0.000073  0.157777 
Sum  941.3946  702.8352  700.6347  227.4498  724.5921  694.1671 
Sum Sq. Dev.  189.2612  299.4920  185.1065  29.83373  236.9414  268.1223 
Observations  184  184  184  184  184  184 
 
Table 1 shows that there are monthly nominal rates of each bond and its descriptive statistics. The given series also 
has interest rates, therefore it is not necessary to calculate in other forms like logarithms, etc.  
 
All country’s monthly bond rates are shown in Figure 1. Japan’s series has a minimum rate and its volatility is 
lower than other countries. This study also shows cumulative abnormal return over the Euro Zone in Figure 2, and 
cumulative abnormal return over the US in Figure 3.  
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In Figure 2 and Figure 3, it is clearly seen that Japan’s cumulative abnormal return over the Euro Zone and US 
dramatically changed in June of 2003. On the other hand, Japan’s series has a more positive distinction than both the 
Euro Zone’s government benchmark bond and the US’s government benchmark bond. 
 
 
Fig. 1. Log Series of Each Government Benchmark Bond Rates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Cumulative Abnormal Return Over the Euro Zone Benchmark Bond 
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Fig. 3. Cumulative Abnormal Returns Over US Government Benchmark Bond 
 
Logarithmic version of time series is often useful when numbers are greater than zero and grow potentially. 
Therefore we calculated logarithmic series for each country. But using log series does not mean that all series are 
stationary. For testing series we calculate whether that series is stationary, statistically or not. Table 2 shows the 
Augmented Dickey-Fuller test for all series. All series are statistically stationary in their first differences.  
   
    Table 2. Augmented Dickey-Fuller Unit Root Test Results 
Countries t-Statistics Prob.* Result 
Log Australia -11.93321 0.000 I(1) 
Log Canada -12.86937 0.000 I(1) 
Log Euro Zone -10.36791 0.000 I(1) 
Log Japan -16.40500 0.000 I(1) 
Log UK -11.78291 0.000 I(1) 
Log US -12.33354 0.000 I(1) 
            *MacKinnon (1996) one-sided p-values. 
 
According to the Augmented Dickey-Fuller test all country’s logarithm series are stationary in the first difference. 
When all series are stationary, we tested the lag of series with using Akaike Information Criteria (AIC).     
 
                   Table 3. Estimation Optimum Lag Length Criteria  
Model AIC  Lag 
Linear Intercept and Trend -19.50879* 
 
2 
*Critical values based on MacKinnon-Haug-Michelis (1999) 
 
Table 3 shows that the optimum lag is 2 and it includes linear intercept and trend. Using this lag in co-integration 
we have tested Johansen-Juselius (1990) test as follows.  
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Table 4. Johansen-Juselius Co-integration Test Results 
Hypothesized  Trace 0.05  
No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
None *  0.208356  128.6746  107.3466  0.0010 
At most 1 *  0.175665  86.38501  79.34145  0.0133 
 Trace test indicates 2 cointegrating eqn(s) at the 0.05 level 
 * denotes rejection of the hypothesis at the 0.05 level 
 **MacKinnon-Haug-Michelis (1999) p-values 
 
     When we tested the co-integration test in Table 4, we need to test VECM Granger Causality to determine the 
direction of causality. Figure 4 shows all countries and their causality directions between countries. There is a causal 
relationship between countries, especially Japan, which has an important role between the UK and the US.  In the 
result, the UK has causal relationship between the US, Canada and Japan. This relationship has only a one-way effect 
from UK to the other country. The US may be affected by the UK, and it may affect Japan. Japan is only one country 
that can be affected by two countries but it has not any effect to other country. The Euro zone is a unique zone which 
does not show any relationship between countries.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. V E C M G ranger C ausality R esults  
 
5. Conclusion  
Comparing specification yield and co-integration of 10-year Government Benchmark Bond between countries 
makes it possible to understand whether there are any changes in perception of risk. The perception of risk may be 
appointed by banking and corporate risk premiums in their bond market. Besides, an integrated government bond 
market has an importance for the monetary mechanism of a country. This is related to the financial sector activity like 
hedging and pricing debt, and it supports international factors affecting spreads because they change the perceived 
default risk of government bonds in the countries. Co-integration between markets is highly important for changing 
effects of risk expectation, which is relatively different from country to country. The 10-year Government Benchmark 
Bond is a pioneer indicator for markets to estimate risk and volatility in the future.  
According to our hypothesis that the determination of bond returns between countries are related, we tested these 
relationships starting with Abnormal Return  (AR) and Cumulative Abnormal Return (CAR) over the countries. We 
Australia
Canada
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US
Euro
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examined AR and CAR of Australia, Canada, the Euro Zone, the UK, Japan and the US’s 10-year Government 
Benchmark Bond monthly rate from the period between January 2000 and April 2015. I have analyzed 184 nominal 
repurchase rates in monthly basis for each country’s benchmark bond as a time series. In calculating AR, the US’s 
Government Benchmark Bond’s Rate and Euro Zone’s Government Benchmark Bond’s Rate have been determined 
as comparison parameters to other countries. According to CAR, Japan’s series has more positive distinction than 
both the Euro Zone’s government benchmark bond and the US’s government benchmark bond. Finally, the result of 
the Granger Causality test shows that Japan has the important role between the UK and the US.  The UK has a causal 
relationship between the US, Canada and Japan. This relationship has only a one-way effect from the UK to another 
country. The US may be affected by the UK, and it may affect Japan. Japan is only one country that can be affected 
by two countries but it has not any effect on another country. The Euro zone is the unique zone in which there aren’t 
any relations between countries. Therefore we contributed to the literature by analyzing these relations of countries’ 
government bond rates which are indicated in literature by Abad, Chuliá, & Gómez-Puig, 2010.   
 
 
Appendix A. Vector Error Correction Estimates 
Error Correction: D(LOG_EUR) D(LOG_JPN) D(LOG_US) 
CointEq1 0.125954 0.062432 -0.149673 
 (0.05700) (0.12708) (0.07915) 
 [ 2.20982] [ 0.49127] [-1.89098] 
    
D(LOG_AUST(-1)) -0.101389 -0.037162 0.229006 
 (0.14631) (0.32622) (0.20318) 
 [-0.69298] [-0.11392] [ 1.12712] 
    
D(LOG_AUST(-2)) 0.172285 0.138503 0.330691 
 (0.14825) (0.33056) (0.20588) 
 [ 1.16209] [ 0.41900] [ 1.60625] 
    
D(LOG_CAN(-1)) 0.024068 -0.989958 -0.405608 
 (0.16293) (0.36328) (0.22626) 
 [ 0.14772] [-2.72509] [-1.79269] 
    
D(LOG_CAN(-2)) -0.146355 -0.462256 -0.307271 
 (0.17281) (0.38532) (0.23998) 
 [-0.84689] [-1.19968] [-1.28038] 
    
D(LOG_EUR(-1)) 0.100335 0.081258 0.056595 
 (0.11919) (0.26576) (0.16552) 
 [ 0.84178] [ 0.30576] [ 0.34191] 
    
D(LOG_EUR(-2)) -0.072406 0.095314 0.128120 
 (0.13112) (0.29236) (0.18209) 
 [-0.55219] [ 0.32601] [ 0.70361] 
    
D(LOG_JPN(-1)) 0.008976 -0.287292 0.044946 
 (0.04170) (0.09298) (0.05791) 
 [ 0.21526] [-3.08988] [ 0.77614] 
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D(LOG_JPN(-2)) 0.069117 0.020775 -0.031008 
 (0.04089) (0.09117) (0.05678) 
 [ 1.69038] [ 0.22787] [-0.54609] 
    
D(LOG_UK(-1)) 0.100187 0.118410 0.442318 
 (0.12110) (0.27002) (0.16817) 
 [ 0.82729] [ 0.43852] [ 2.63011] 
    
D(LOG_UK(-2)) 0.195208 -0.442543 0.157569 
 (0.12331) (0.27493) (0.17124) 
 [ 1.58310] [-1.60963] [ 0.92019] 
    
D(LOG_US(-1)) -0.062511 0.764443 -0.110846 
 (0.11919) (0.26576) (0.16552) 
 [-0.52445] [ 2.87645] [-0.66968] 
    
D(LOG_US(-2)) -0.117603 0.343364 -0.208799 
 (0.12151) (0.27092) (0.16873) 
 [-0.96787] [ 1.26741] [-1.23745] 
    
C 0.006052 0.005883 -0.008494 
 (0.00863) (0.01925) (0.01199) 
 [ 0.70086] [ 0.30555] [-0.70838] 
    
@TREND -0.000183 -0.000233 3.64E-05 
 (8.5E-05) (0.00019) (0.00012) 
 [-2.16069] [-1.23443] [ 0.31015] 
 
Appendix B. VEC Granger Causality Test Results  
 
Dependent variable: D(LOG_AUST)  
Excluded Chi-sq df Prob. 
D(LOG_CAN) 7.182205 2 0.0276 
D(LOG_EUR) 3.498539 2 0.1739 
D(LOG_JPN) 0.209592 2 0.9005 
D(LOG_UK) 2.996849 2 0.2235 
D(LOG_US) 2.836338 2 0.2422 
All 17.41543 10 0.0657 
    
Dependent variable: D(LOG_CAN)  
Excluded Chi-sq df Prob. 
D(LOG_AUST) 2.384987 2 0.3035 
D(LOG_EUR) 0.792803 2 0.6727 
D(LOG_JPN) 1.644097 2 0.4395 
D(LOG_UK) 8.209999 2 0.0165 
D(LOG_US) 0.802760 2 0.6694 
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All 19.37578 10 0.0357 
    
Dependent variable: D(LOG_EUR)  
Excluded Chi-sq df Prob. 
D(LOG_AUST) 1.866506 2 0.3933 
D(LOG_CAN) 0.806771 2 0.6681 
D(LOG_JPN) 2.921984 2 0.2320 
D(LOG_UK) 2.972089 2 0.2263 
D(LOG_US) 1.080316 2 0.5827 
All 10.01722 10 0.4390 
    
Dependent variable: D(LOG_JPN)  
Excluded Chi-sq df Prob. 
D(LOG_AUST) 0.190700 2 0.9091 
D(LOG_CAN) 7.970675 2 0.0186 
D(LOG_EUR) 0.229793 2 0.8915 
D(LOG_UK) 2.940522 2 0.2299 
D(LOG_US) 8.964828 2 0.0113 
All 15.60168 10 0.1116 
    
Dependent variable: D(LOG_UK)  
Excluded Chi-sq df Prob. 
D(LOG_AUST) 1.902436 2 0.3863 
D(LOG_CAN) 0.674274 2 0.7138 
D(LOG_EUR) 0.271737 2 0.8730 
D(LOG_JPN) 1.325031 2 0.5156 
D(LOG_US) 0.377478 2 0.8280 
All 5.953399 10 0.8192 
    
Dependent variable: D(LOG_US)  
Excluded Chi-sq df Prob. 
D(LOG_AUST) 3.773632 2 0.1516 
D(LOG_CAN) 4.182373 2 0.1235 
D(LOG_EUR) 0.686692 2 0.7094 
D(LOG_JPN) 1.221623 2 0.5429 
D(LOG_UK) 7.376868 2 0.0250 
All 19.19128 10 0.0379 
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